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To estimate dementia prevalence in older
Mexican Americans, determine the distribution of demen-
tia by etiology, and evaluate the contribution of type 2 dia-














One thousand seven hundred eighty-





Each subject was interviewed and
screened for dementia and cardiovascular risk factors and
diseases. Fasting blood samples were drawn for glucose,
insulin, and lipids. Buccal cells were obtained for genetic
analysis of ApoE. A three-stage process of screening was
used to diagnose dementia, including cognitive testing, a
clinical examination, and imaging to determine etiology.
Presence of dementia was established according to Na-
tional Institute of Neurological Disorders and Stroke/
Alzheimers and Related Disorders Association criteria and





Overall dementia prevalence was 4.8%. Prev-
alence in those aged 85 and older was 31%. Education
and Anglo cultural orientation was negatively associated
with dementia risk. Risk of dementia was nearly eight
times higher in those with both type 2 diabetes mellitus
and stroke. Forty-three percent of dementia was attribut-
able to type 2 diabetes mellitus, stroke, or a combination
of the two. ApoE allele frequency was E2 5.9%, E3
90.1%, and E4 4%. Those with any E4 and 4–4 combina-





Dementia prevalence in this ethnic
group is similar to that reported in Canadian and Euro-
pean studies but lower than in Caribbean-Hispanics resid-
ing in the United States. The etiological fraction of demen-
tia attributable to type 2 diabetes mellitus and stroke is
substantial and points toward the need for intervention re-
search and treatment with the goal of reducing neurologi-
cal sequelae in groups with high prevalence of type 2 dia-
betes mellitus. The allele frequency of ApoE was similar to
that in other published studies on Mexican Americans.
The low frequency of the E4 allele may contribute to the
difference in etiology of dementia in older Mexican Amer-
icans and older people of European background. Demen-
tia in this ethnic group may be related to preventable
causes, with a smaller genetic component than in Europe-
ans. 
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ncreased survival to older ages of the U.S. and world
population has focused new attention on the causes
and consequences of late-life cognitive impairment and de-
mentia. There has been a rapid increase in the United
States of older ethnic minority populations through a com-
bination of immigration and improved survival in ethnic
communities. This change has stimulated cross-cultural re-
search into dementia that can provide insights about the
relative occurrence of disease and help to identify new risk
factors. Immigration is a major life event, and the process
of adopting new cultural values and practices often





There is evidence that prevalence and patterns of de-





 A prevalence study of dementia in three
ethnic groups in New York City found that Caribbean





 Accurate identification of dementia
may be influenced by linguistic, educational, or cultural




 Dementia may be
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overestimated in ethnic minorities who have limited edu-
cation or whose primary language is not English. Lower
education is consistently associated with worse health sta-
tus on a number of outcomes, including dementia. Deter-
mining whether the effects of education on dementia are
due to the worse health generally associated with lower
socioeconomic status is difficult. Differences in population
distributions of the apolipoprotein E (ApoE) genotype
may also influence ethnic differences in risk of dementia.
This paper presents prevalence estimates for dementia
for the Sacramento Area Latino Study on Aging (SALSA).
The contributions of cerebrovascular disease, type 2 dia-
betes mellitus, and the ApoE genotype to this risk were ex-
amined. The SALSA is an ongoing cohort study of 1,789
Latinos aged 60 and older in 1998–99 residing in rural and
urban areas of the Sacramento Valley surrounding and in-
cluding the Sacramento Metropolitan Statistical Area.
 
METHODS
Study Population and Recruitment
 
Study participants were residents of the Sacramento Metro-
politan Statistical Area and surrounding suburban and rural
counties in California. An eligible person was aged 60 or
older in 1998 and self-designated as Latino. The first stage
of the sampling involved identifying 1990 Census tracts in
five contiguous counties and characterizing them by the per-




60 and Latino). These
tracts were ranked in order of percentage eligible, and all
tracts in which the percentage eligible was at least 5% were
selected for the target population. Because the recruitment
occurred 8 years after the 1990 Census, a phone and ad-
dress list was purchased of people aged 60 and over with
Latino surnames in the target area. This list was used to
identify census tract areas where there might have been a
change in the eligible population since 1990 and to contact
individuals in the selected census tracts. Participants were
contacted in three stages: by mail, by phone, and, finally, by
door-to-door neighborhood enumeration. Up to 10 at-
tempts to contact the participant by telephone were allowed
and up to five attempts at the household. Participants who
contacted the study themselves were screened for eligibility,
residence in a target census tract, and presence on the sam-
pling list. The overall response rate in those contacted was
85%. Approximately 22% of the total eligible population




 All eligible house-
hold residents could be included in the study, and 790 par-
ticipants were living with at least one other study partici-
pant. At baseline (1998–99), 1,789 people were enrolled in
the study. The methods of enumeration and recruitment
process have been published elsewhere, along with a com-
parison of the resulting sample to the Census 2000 Dress





ple was highly representative of older Hispanics residing in
the target area. More than 89% of eligible households that
were enumerated had at least one person who participated
in the study. Participation in the cognitive screening was not




All field staff was bilingual in Spanish and English, and
participants were interviewed in their language of choice.
All data collection was done at the participants’ homes. In
a 2-hour interview, each participant answered questions
about lifestyle factors, depressive symptoms, accultura-
tion, and medical diagnoses. Blood pressure and ankle:arm
blood pressure were measured, and fasting blood was
drawn for measurement of lipids, antioxidants, glucose,
and insulin. Buccal swabs were taken to obtain deoxyribo-
nucleic acid (DNA) for ApoE analysis. Participants com-
pleted physical performance tests, including a tandem
stand and walk, multiple chair stands, and a timed walk. If
the participants were unable to respond verbally, had a
score below 40 on the Modified Mini-Mental State Exam-
ination (3MSE), or the caregiver indicated that the partici-
pant was unable to respond but still wanted him or her to
be tested, a proxy interview was done that included only
questions that a third party could appropriately answer. In
addition, the caregivers were assessed for their frequency
of contact with the participants; nearly all were spousal
caregivers or otherwise living with the participant.
Cultural orientation was measured using the Accultur-





ment asks subjects about which language they prefer,
whether they prefer Spanish or English media, and about
contacts with country of origin and with people of Latino
versus Anglo background. The scale was formed so that
the least affiliation with Anglo culture was scored as 0,
and the items were summed to form a scale (0–37). Cul-
tural orientation scores for those who were missing values
(74/1,789) were estimated from means for the same age,
sex, birthplace, and education. Type 2 diabetes mellitus
was ascertained by determining use of a diabetic medica-
tion (obtained by medicine chest inventory at the inter-
view), self-report of a physicians’ diagnosis, or fasting
glucose of 126 mg/dL or greater. Stroke was ascertained
using self-report of physician’s diagnosis. Education was
measured as years of formal schooling. Activities of daily
living (ADLs) and instrumental activities of daily living




Two cognitive screening tests were used to determine the










 The 3MSE is a measure of glo-
bal cognitive functioning that is strongly associated with
dementia. The delayed recall trial (DelRec) from the
SEVLT test was used with the 3MSE to screen for cogni-
tive impairment. Scores on these two tests were statisti-
cally adjusted for effects of age and education of test ad-





intent of this adjustment was to reduce the false-positive
rate due to education and age effects on cognitive test
scores. Participants were referred for formal neuropsycho-
logical evaluation if adjusted screening scores fell below









 7). The 20th percentiles for the unadjusted tests
were scores less than 6 on the DelRec and less than 79 on
the 3MSE. All participants whose scores met the adjusted
criteria were referred for a neuropsychological test battery.
In addition, a 20% subsample (tagged) of the entire sam-
ple was referred for neuropsychological testing. Random
systematic sampling was used for creating this subsample.
Every fifth person recruited and screened was referred to
neuropsychological testing without regard to his or her
 






screening test results. The percentage of subjects who met









 .08) according to initial contact
method (phone, home visit, referral).
The neuropsychological test battery (Spanish English





constructed with five scales to provide psychometrically
matched English- and Spanish-language measures of abili-
ties that are relevant to the clinical assessment of cognitive
functioning in older persons. These scales included verbal
and nonverbal measures of semantic memory, verbal atten-
tion span, verbal abstraction, and visual-perceptual ability.




 show that these scales are
equally sensitive to cognitive impairment in English and
Spanish versions. All scores were statistically adjusted for
the effects of age, sex, education, and language of test ad-
ministration. Participants with adjusted scores falling below
the 10th percentile of the normative sample were considered
impaired. The Informant Questionnaire on Cognitive De-





 was also used for all partici-
pants undergoing SENAS testing. Participants were re-
ferred for a neurological examination if they met at least
one of the following criteria: (1) a score below the 10th per-
centile on one or more of the six neuropsychological tests
and a score on the IQCODE of 3.40 or greater (approxi-





impaired scores on four or more neuropsychological tests
regardless of IQCODE, or (3) IQCODE greater than 4.0
(about 5% of the overall sample had scores in this range).
Forty-seven of the 62 participants with proxy interviews
were referred for neuropsychological testing. A neurolo-
gist conducted the examination in the participants’ homes
assisted by a nurse or medical assistant.
A team of neurologists and a neuropsychologist adju-
dicated all potential dementia cases for a clinical diagnosis
using criteria that required (1) clinically significant impair-
ment in two or more separate cognitive domains that in-
cluded a decline from premorbid function and (2) clini-
cally significant impairment of independent functioning.





 as long as there was impairment in two other do-
mains, but only five of the 69 fully evaluated cases did not
have memory impairment on the SEVLT or the three-word
recall of the 3MSE. Memory impairment was omitted as a
criterion to bring the diagnostic categorization into confor-
mity with the Alzheimer’s Disease Diagnostic and Treat-





also do not require memory loss per se, partly because
antegrade amnesia, although an almost universal feature
of Alzheimer’s disease (AD), is not necessarily a feature of
vascular dementia. Furthermore, dementia was diagnosed
on clinical grounds so that the few patients who met crite-
ria without memory loss had a progressive loss of at least
two other cognitive functions from premorbid levels and
functional impairment, clearly criteria that most clinicians
would accept as indicative of dementia. Because memory
and learning impairment are consistently associated with a
diagnosis of AD, all cases classified as AD met memory
impairment criteria. However, all of the five cases without
memory loss were classified as vascular or mixed demen-
tia. Diagnoses were established on the basis of neuropsy-
 
chological test scores and IQCODE scores but also in-
cluded the history, mental status examination, and findings
from the neurological examination when available. All
cases were classified as normal, cognitively impaired but
not demented (CIND), or demented. Demented cases were
referred for magnetic resonance imaging (MRI) and ap-




were used to diagnose ischemic vascular dementia and Na-
tional Institute of Neurological Disorders and Stroke/
Alzheimers Disease and Related Disorders Association cri-




Of the 69 SALSA participants fully evaluated for de-
mentia at baseline, five (7.2%) did not have memory im-
pairment on a neuropsychological test. All of these five
cases had a history of stroke, diabetes mellitus, atrial fi-
brillation, or congestive heart failure at baseline. All had





 3.4). All had two or more areas of low
scores on other cognitive tests in the impaired range as fol-
lows: five failed each of the object naming test and the non-
verbal semantic memory test, and four failed each of the
verbal conceptualization, verbal attention, and the pattern
recognition tests. One additional case was severely aphasic,










ApoE genotyping was done using buccal cell DNA.
After brushing the cheek mucosal surfaces, brushes were





C for 10 minutes. The method used followed
a modification of polymerase chain reaction amplification/
Hhal restriction isotyping method. This includes a mutagenic




 end labeling of both primers. The ini-





 except that the laboratory used fluor conjugated for-
ward and reverse primers to allow detection and electro-
phoretograms on a sequencer. The sequence surrounding
the single nucleotide polymorphisms (SNPs) matched pre-




These analyses include only participants who had at least
one screening test at baseline. Eleven people were excluded
by these criteria. Bivariate comparisons of participants’
characteristics were made using frequencies and chi-square
tests for differences. Continuous variables were compared
using a linear regression model or an analysis of variance
(SAS general linear model (SAS Institute, Inc., Cary, NC)).
Sensitivity, specificity, and positive and negative predictive
values of the screening criteria in identifying dementia were
calculated using a positive value on either of the screening





ipants with a diagnosis of dementia were coded as 1, and
those without a diagnosis were assigned to the 0 category.
One hundred thirty-two people of 1,779 (7.4%) who were
screened met screening criteria for referral but did not
progress to neuropsychological testing because of death or
refusal. The probability of dementia was estimated by im-
puting diagnosis from a weighted polytomous logistic re-
gression model that excluded cases that were not fully eval-
uated. Covariates in the model included sex, age, 3MSE and
DelRec, tagged status, and education; the dependent vari-
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The reciprocal weights for the model were estimated based
on tagged status and impaired status. The model estimated
an individual probability for each case. For initially im-










tile) were assigned. All fully evaluated cases received their
original classification (normal, CIND, demented). This is





lence numbers reported here combine fully diagnosed
cases with those determined by this estimation method.
Confidence limits for the age-specific and overall preva-





 For examining sex differences in dementia risk by
education, education was coded as none versus any. Me-
dian education in those with at least 1 year of education
was 8 years. Risk of dementia associated with key risk fac-
tors was estimated using a logistic regression model that in-
cluded age and other covariates as noted. A chi-square test
was used to test whether the sample was in Hardy-Wein-




Overall, the distribution by age group and sex is similar for
the SALSA sample and the 1998 Census Dress Rehearsal




 Tables 1 and 2 show the
sample characteristics for all SALSA participants. Almost
half (49.0%) of the participants were born in the United
States, 45.4% in Mexico, and 5.6% in another Latin Amer-
ican country. Spanish was the language of interview for
nearly 58% of the sample. Nearly 89% of those born in
Mexico or Latin America spoke primarily Spanish. Educa-
tion among English speakers was significantly higher than
among Spanish speakers. Thirteen percent (13.4%) of the
sample had no formal education. Women had significantly

























Figure 1 shows the number of participants who com-





 476) met screening criteria for further neuropsycho-
logical testing. Of these, 123 met criteria for dementia on
the neuropsychological tests and underwent a clinical exam-
ination. Of those examined, 118 met criteria for dementia
or CIND.
 
Prevalence by Age and Sex
 
Table 3 shows the prevalence of dementia for fully evalu-
ated cases and all cases, along with 95% confidence inter-
vals (CIs) for each estimate. There were 69 fully diagnosed
cases of dementia. The probability estimation procedure
added 16 cases. Overall dementia prevalence was 3.8%
for the fully evaluated estimate. Estimates were 4.8% for
women and 4.7% for men. Estimates for dementia preva-
lence by age for women aged 85 and older were 17.7% to
37.3%. Estimates for men aged 85 and older ranged from
 
Table 1. Cultural and Sociodemographic Sample




Characteristic English Spanish Total
Country of birth, n (%)
Mexico 91 (12.2) 716 (69.6) 807 (45.4)
Other Latin
American country 12 (1.6) 88 (8.6) 100 (5.6)
United States 646 (86.2) 225 (21.9) 871 (49.0)
Total 749 (42.1) 1,029 (57.9)
Education, years
None, n (%) 16 (2.14) 222 (21.6) 238 (13.4)
1–8, n (%) 216 (28.8) 629 (61.1) 845 (47.5)
9–11, n (%) 111 (14.8) 65 (6.3) 176 (9.9)






















Table 2. Age of Men and Women in the Sacramento Area




60–69 381 (51.5) 488 (47.01) 869 (48.8)
70–79 279 (37.7) 425 (40.94) 704 (39.6)






30 (4.05) 51 (4.91) 81 (4.6)

















Figure 1. Steps for dementia ascertainment. *Age- and educa-
tion-adjusted scores. † Including those meeting screening criteria
and the randomly selected subsample. Eleven refused cognitive
screening at baseline. CIND  cognitively impaired but not
demented.
 






23% to nearly 27%. Age was significantly associated with









 1.15–1.22). There was














However, education (none vs any) modified the associa-
tion between sex and dementia. In those with no educa-
tion, the risk of dementia was nearly four times higher in









10.42). In those with any education, there was no sex dif-























0.98). Cultural orientation and education years were cor-
related at 0.56 (Spearman rank correlation). The influence
of cultural orientation on dementia risk was also modified
by sex and education. In women with no education, Mexi-
can cultural orientation was not associated with dementia
but was associated with an increased risk of dementia in














there was no association between cultural orientation and
dementia risk for either sex.
 
Accuracy of the Screening Tests
 
Sensitivity, specificity, and positive predictive values were








. There were no
differences in the sensitivity of specificity of the screening
 
criteria for detecting dementia whether the sample was se-
lected randomly or met screening criteria. The prevalence
of dementia in fully evaluated cases was 3.6% in untagged









 .23). In short, sensitivity of the
screening tests was similar whether the participant was ran-
domly selected from the entire sample or referred on the basis
of cognitive screening scores. Random selection of cases for
further evaluation (tagged) did not affect the accuracy of the
screening tests in identifying cases or noncases.
 
Cognitive Screening Scores and Functional
Status by Dementia
 
Table 5 shows the means and SEs by dementia classifica-
tion for the 3MSE and the word list (DelRec) for the age-
and education-adjusted cognitive screening test scores.
Also shown are means and SEs for ADLs, IADLs, age, cul-
tural orientation, and education. All cognitive scores,
functional status, education, and mean age for dementia
by any criteria were lower than for those not demented.
Those who were fully diagnosed had slightly more educa-
tion than those who were classified by probability scores.
Cultural orientation did not differ within dementia groups





Table 6 shows the etiology of those classified as demented
and the classification of cognitively impaired cases, deaths,
and cases for whom etiology could not be determined. Ap-
proximately 55% of those cases for which an etiology




 48) were classified as AD, 31%
were vascular dementia, and nearly 4% were mixed.
 
Type 2 Diabetes Mellitus and Stroke
 
The prevalence of type 2 diabetes mellitus and stroke in










Table 3. Prevalence of Dementia by Age and Gender for

























































Table 4. Sensitivity and Specificity of the Screening
Criteria for Identifying Dementia for Those Meeting






Screening Test Result n
Met screening criteria
(untagged)*
Impaired 51 321 372
Normal 0 1,044 1,044






Impaired 18 86 104
Normal 0 259 259




Efficacy of screening tests: sensitivity 
 
 100%, specificity  76.5%, predictive
value  13.7%.
† Efficacy of screening tests: sensitivity  100%, specificity  75.1%, predictive
value  17.3%.
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respectively. The risk of dementia for patients with stroke
combined with type 2 diabetes mellitus was more than
eight times higher for fully evaluated cases and more than
seven times higher for all cases than for those without dia-
betes and stroke. Forty percent of the dementia cases had
type 2 diabetes mellitus, stroke, or a combination. Twenty-
six percent (n  9) of AD cases had type 2 diabetes melli-
tus, 5.9% (n  2) had stroke, and 11.8% (n  4) had
both; 6.25% (n  1) percent of vascular dementia cases
had type 2 diabetes mellitus, 12.5% (n  2) had stroke,
and 62.5% (n  10) had both; 16.7% (n  1) percent of
mixed cases had type 2 diabetes mellitus, 33.3% (n  2)
had stroke, and 50% (n  3) had both.
ApoE Genotyping
Eighty-five percent (n  1,614) of the cohort was geno-
typed for ApoE lipoprotein (175 refused to have buccal
swabs taken) (Table 7). Allele frequencies were as follows:
E2  5.9%, E3  90.1%, and E4  4.0%. The percentage
distribution for each allelic combination was 2–2 (0.93%),
2–3 (9.6%), 2–4 (0.50%), 3–3 (82.4%), 3–4 (5.9%), and
4–4 (0.81%). Allele combinations were recoded into four
indicator variables to allow the comparison of those het-
erozygous or homozygous for alleles including 2 or 4 to the
3–3 combination. This was done using the following cod-
ing: Those with one 2 allele were coded as present (1  2–
3 or 2–4) on an indicator variable compared with those
with a double 2 allele or no 2 allele (0). Those with a dou-
ble 2 allele were coded as present (1  2–2) on another in-
dicator variable compared with those with a single 2 allele
or no 2 allele (0). An identical procedure created two indi-
cator variables for the presence or absence of a single (2–4
or 3–4) or a double 4 (4–4) allele. In addition, to be con-
sistent with other studies, those with any 4 allele present
(2–4, 3–4, or 4–4) were also categorized and analyzed sep-
arately. The odds ratios shown are compared with the 3–3
group. The risk of dementia was highest in the group ho-
mozygous for the ApoE4 allele. The risk ratios of those
homozygous for 2 and those heterozygous for 4 were of
the same magnitude as the 3–3 group. All of the CIs for
these estimates included 1.0, because of the small number
of dementia cases in most of the cells.
DISCUSSION
The SALSA dementia prevalence estimates are lower than
those reported for Caribbean Latinos in New York City3
but similar to those reported for the European Studies of
Dementia studies27 and the Canadian Study on Aging.28
Given that Caribbean Latinos and Mexican Americans are
historically, culturally, and ethnically different, this find-
ing is not surprising. Some of these differences may be ac-
counted for by differences in screening tests and diagnostic
algorithms and limitations on the ability to completely
evaluate every referred participant for dementia. In this
study, the dementia prevalence estimates, especially after
accounting for cases that were not fully evaluated, are sim-
ilar to other studies. The age and education adjustment
procedures did not substantially affect the overall sensitiv-
ity of the screening tests and improved the specificity.
Other work has suggested that adjustment for education
 
Table 5. Means for Cognitive Screening Test Scores, Age, Cultural Orientation, and Education in Years by Diagnosis of






Covariate (Range) Mean  Standard Error
Modified Mini-Mental State Examination (0–100) 85.6  0.30 48.1  1.51 47.3  1.29
Delayed Word List Recall (0–15) 8.55  0.07 2.4  0.36 2.4  0.31
Activities of daily living (0–21) 0.67  0.06 3.86  0.38 4.3  0.33
Instrumental activities of daily living (0–45) 5.88  0.17 14.36  1.12 15.8  0.96
Age (60–101) 70.3  0.17 79.0  0.83 80.2  0.74
Cultural orientation (0–37) 17.8  0.16 16.7  0.78 15.9  0.70
Education (0–32) 7.3  0.13 5.4  0.64 4.9  0.56
* P  .05 compared with diagnosed.
† Includes fully diagnosed and imputed cases.
 
Table 6. Etiology of Dementias and Classification of
Cognitively Impaired or Normal Cases in the Sacramento
Area Latino Study on Aging Baseline Sample (N  1,779)
Etiology or Diagnosis n (%) 
All demented cases
Not demented 1,651 (92.9)
Possible AD 10 (13.0)
Probable AD 21 (30.4)
Possible VD 2 (2.9)
Probable VD 12 (17.4)
Mixed AD and VD 3 (4.3)
Other dementia 3 (4.3)
Possible Lewy Body dementia 1 (1.4)
Dementias with undetermined etiology 17 (18.8)
Total dementias 69 (100.0)
Total screened sample
No clinical examination, no etiology 1 (0.05)
Cognitively impaired but not demented 57 (3.2)
Deaths 65 (3.6)
Note: Participants (n  11) that did not have at least one screening test were ex-
cluded from these analyses.
AD  Alzheimer’s disease; VD  vascular dementia.
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and age may not significantly affect the sensitivity or spec-
ificity of cognitive screening tests29,30 and may influence
the estimates of dementia risk associated with these fac-
tors. Thus, such adjustment may not be necessary to
achieve an accurate estimate of dementia prevalence.
The SALSA sample appears to be representative of the
target population from which it was drawn. The age and
sex distributions for this sample are similar to those of
Sacramento County. The authors did not have access to
data on education, income, or other covariates for the
1998 or 2000 Census for older Mexican Americans in this
area, and making a comparison using 1990 Census data is
not useful, because of its age. According to the Centers for
Disease Control and Prevention,31 approximately 32,100
Mexican Americans aged 65 and older lived in nursing
homes in 1997, or about 1.1% of all older Mexican Amer-
icans, compared with 4% of older white non-Latino
people. Magaziner et al.32 has estimated that 30% of all
dementia patients live in nursing homes, suggesting that
studies of community-dwelling older people would tend to
underestimate dementia prevalence. Given that the per-
centage of older Mexican Americans in nursing homes is
smaller than that of non-Latino whites,31 the authors’
prevalence estimates are probably closer to the true value
than would be the case for studies of community-dwelling
Anglos.
The frequency distribution of the ApoE genotype in
this sample is similar to that reported in several other
studies.33,34 Reports of ApoE frequency distributions in
Mexican-American, Mexican mestizo, and Mayan popula-
tions have revealed an ApoE distribution characterized by
a high frequency of E3, ranging from 89% to 92%; E4 fre-
quencies reported in these studies range from 6.9% to
8.4%, and E2 frequencies tend to be low or absent in these
ethnic groups. The E4 frequency in this study’s sample is
slightly lower than other reports. However, this sample
is older than those of other studies for which ApoE geno-
type in Mexicans is reported. The frequency of ApoE4
tends to decline with age, as a function of differential pop-
ulation selection, and this might account for the lower fre-
quency of E4. Those who are homozygotic for E4 appear
to have higher dementia risk and lower cognitive scores.
Other studies have suggested an interaction between type
2 diabetes mellitus or stroke and ApoE4 such that the
presence of both increases the risk of dementia or cogni-
tive decline.35,36 Because type 2 diabetes mellitus preva-
lence is high in this sample and tends to have an early on-
set in Mexican Americans, the early selective effects of
ApoE4, type 2 diabetes mellitus, or both may account for
the lower E4 frequency as well. The ApoE4 distribution
that this study found is similar to reports from several
other studies of Mexican Indians33,34 and Mexican Ameri-
cans.37–39 These reports have suggested that ApoE4 is asso-
ciated with higher low-density lipoprotein levels and po-
tentially with adverse metabolic changes related to type 2
diabetes mellitus.
These findings have important implications for future
projections of dementia prevalence in the general popula-
tion of older Mexican Americans. Type 2 diabetes mellitus
is dramatically higher in Mexican Americans than in most
other Latino groups and in Anglos.40 Overall prevalence of
type 2 diabetes mellitus in older Mexican Americans has
been estimated in other studies at 35%.40–42 These figures
are similar to those found in SALSA. If type 2 diabetes
mellitus and related stroke continue to increase in this
population, the prevalence of dementia may also increase.
Approximately 43% of the dementia cases in this study
have type 2 diabetes mellitus, stroke, or both. Nationally,
there are an estimated 2.2 million Mexican Americans aged
60 and older,43 of whom 35% are estimated to have type 2
diabetes mellitus. By the authors’ estimates, approximately
28,000 of these may be at increased risk for dementia due
to the combined burden of type 2 diabetes mellitus and
stroke. At minimum, these findings suggest that type 2 dia-
betes mellitus screening and treatment programs targeting
older Mexican Americans need to include evaluation of
cognitive effects. Only a few of the cases in this study had
previously been diagnosed with dementia. All were living
in their homes at the time they were initially contacted,
and most were newly diagnosed by this study. Because
90% of the sample had medical insurance and 88% had a
regular doctor, one can reasonably assume that their
healthcare source failed to identify their dementia.
Education is a major factor in this study as in other
Table 7. Association Between Apolipoprotein E Genotype, Dementia Prevalence, and Cognitive Impairment in the
Sacramento Area Latino Study on Aging
Allele Combination
Dementia Status 2–2 2–3 or 2–4 3–3 2–4 or 3–4 4–4 Any E4

Subjects with dementia,
n (%) 15 (1.27) 162 (11.4) 1,327 (4.85) 101 (6.4) 13 (2.5) 114 (5.26)
Risk of dementia, risk ratio
(95% confidence interval)* 1.02 (0.46–2.28) 1.38 (0.47–4.09) 1.0 (Ref) 1.02 (0.35–3.02) 2.04 (0.88–4.72) 1.37 (0.55–3.37)
Modified Mini-Mental State
Examination score,
mean  standard error†
Demented 65.1  12.8 52.75  8.6 47.86  1.44 51.3  9.4 56.9  10.7 43.8  4.7 
Nondemented 85.05  3.6 84.9  2.6 86.4  0.33 86.3  2.7 85.2  3.9 87.6  1.1
* From a logistic regression model including age and gender, where 3–3 is the reference category.
† From an analysis of variance including age, gender, dementia status, and the four gene combinations.
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research.44–46 These results show a strong and negative as-
sociation between education and dementia. Mexican cul-
tural orientation is also associated with a higher risk of de-
mentia, although this appears to exist mainly in those with
low education. There have been no other studies of cul-
tural orientation in Mexican Americans in relation to de-
mentia risk with which there results can be compared.
Graves et al.47 reported a lower risk of cognitive impair-
ment in Japanese Americans who remained oriented to
Japanese culture, but there is no reason to believe that ac-
culturation works in similar ways for all immigrant
groups. The history of Mexican immigration differs48 sub-
stantially from that of Japanese immigration in several
ways. Mexico is next to the United States, and the costs of
immigration are lower, making economic and health sta-
tus selection less of a factor. Lifestyle factors such as diet
(possibly lower fat in traditional Japanese diets than
Mexican) may differ. Socioeconomic status may be much
lower in traditional Mexican Americans than in tradi-
tional Japanese. No sex differences were found in demen-
tia risk except in those with no education, where men
were at greater risk. The European Studies of Dementia
study reported a stronger education effect for women
than men with AD but not for vascular dementia.49 Sev-
eral other studies have reported a higher risk of AD in
women.45,50,51
This study is the first representative, population-based
study of dementia in older Mexican Americans. The find-
ings suggest that, although dementia prevalence in older
Mexican Americans may not differ from that of Canadi-
ans and Europeans, the sources of dementia in this popu-
lation may be different. The low frequency of ApoE4 and
the small contribution to dementia presented by ApoE4,
combined with the high prevalence of type 2 diabetes melli-
tus suggests that the etiology of dementia in Mexican Amer-
icans may be different from that of other populations.
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